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ABSTRACT. Ferritin isolated from porcine spleen could routinely be separated intwo fractions on nondenatur- 
ating gradient gels. Both fractions could be isolated with a purity of 96% when applied to two serially linked 
columns, each 200 cm in length, packed respectively with Sepharose 4B and Sepharose 6B. Both fractions were 
similar as judged by electron microscopy. Assessed biochemically fractions were equal with respect o subunit 
composition, iron and phosphorus content, as well as amino acid composition (with the exception of N-acetylglu- 
cosamine). Carbohydrate analysis howed that the fraction with an apparent mass of 440 kDa (= FFL) contained 
1.8% (w/w) glycans, whereas the fraction with an apparent mass of 670 kDa (=FFH) contained nearly five 
times as much (neutral) sugar esidues (8.9%, w/w) and 10 times as much sialic acid. This difference in amount 
of carbohydrate side chains might explain the dissimilarity in electrophoretic mobility of the two fractions. COMP 
BIOCHEM PHYSIOL 115B;2:191-199, 1996. 
KEY WORDS. Ferritin glycosylation, amino acid composition, porcine spleen, electron microscopy, electropho- 
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INTRODUCTION 
Prokaryotic and eukaryotic ells all contain ferritin as their 
major iron storage protein. According to the "classical" 
idea, ferritin protein is composed of 24 subunits of two types: 
the H-type of circa 21 kDa and the L-type of circa 19 kDa 
amounting to a total mass of circa 450 kDa. Inter- and in- 
traspecies heterogeneity was explained by the various pro- 
portions in which the subunits assemble. Arranged with 
4: 3 : 2 symmetry, the subunits form a hollow shell, in which 
up to 5000 iron atoms can be stored (1,13,18,21). 
Although it was accepted that serum ferritins were glyco- 
sylated (11,12) and tissue ferritins were not (9), the exis- 
tence of a small amount of associated carbohydrates in horse 
spleen (35), and in human spleen, liver and heart have been 
reported (14,24,31). The subject however, is still under dis- 
cussion. Refinement in biochemical research resulted from 
1980 onwards in reports on horse heart ferritins of different 
molecular weights due to either assembly of more than 24 
subunits (26,27} or to attachment of a non-ferritin compo- 
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nent in rabbit liver ferritin (32). Passaniti et al. (28) report 
on chicken liver ferritin intermediates of lower molecular 
weight next to the common ferritin of around 440 kDa. 
Moreover, other authors describe ither a subunit of differ- 
ent amino acid composition in rat liver (4), or different 
classes of subunits besides the well known H and L subunits 
(10). 
Our current research on porcine brain iron metabolism 
requires ferritin of a high purity. After improvement of a 
standard method for the isolation and purification of por- 
cine ferritin, we found next to the expected 440 kDa band 
(=FFL) a substantial fraction of the ferritin (30%) to be 
located in an iron-containing band around 670 kDa 
(=FFH). At first, we considered this a phenomenon typical 
for porcine spleen ferritin. However, testing (commercial) 
horse spleen ferritin and human placental ferritin (available 
in our lab) we also found the two fractions in about the 
same ratio, i.e. 7 to 3. We were aware of the fact that the 
band around 670 kDa might be a dimeric form of ferritin 
as described by Williams et al. (39). Comparing samples 
(prepared as done by these authors) of the two fractions by 
electronmicroscopy we did not observe a typical band of 
molecular dimers. Therefore, we decided upon a further 
analysis of the two porcine spleen ferritin fractions and to 
report on the composition of their subunits, amino acids 
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and carbohydrates and on their morphology as visualized by 
electron microscopy. 
MATERIALS AND METHODS 
Materials 
Fresh porcine spleens were obtained from the local slaugh- 
terhouse, transported and kept on ice until further pro- 
cessing. Horse spleen ferritin, BSA (bovine serum albumin) 
and PMSF (Phenylmethylsulfonylfluoride) were obtained 
from Sigma (U.S.A.). Sepharose 4B, Sepharose 6B and 
Sephadex G 200 were purchased from Pharmacia/LKB 
(Pharmacia, Sweden). All other chemicals were of the high- 
est purity commercially available. 
Isolation aM Subfractionation of Porcine Spleen Ferr it in 
Isolation method 1: Porcine spleen ferritin was isolated ac- 
cording to a method adapted from Penders (29). Briefly, 
after removal of fat and connective tissue, the spleen was 
rinsed in 0.15 M NaC1 (4°C) and homogenized (Ultra- 
turrax, Janke & Kunkel). The homogenate was heated 
(80°C, 5 min), rapidly cooled and centrifuged in a Beckman 
J-21C equipped with a JA 14 rotor at 3000 g for 45 min. 
The supernatant was centrifuged in a Beckman L-70 
equipped with 50.2 Ti rotor at 78,000 g for 1 h and the 
resulting pellet resuspended in 0.15 M NaC1 and centrifuged 
at 7000 g fist 1 h. The ferritin containing supernatant was 
then centrifuged at78,000 g for 1 hour. The last two centrif- 
ugation steps were repeated and finally the pellet was resus- 
pended in 0.15 M NaCI containing 0.01% NaN~ and centri- 
fuged again (78,000 g, 1 h). All centrifugation steps were 
performed at 4°C. 
Isolation method 2: Human placental ferritin and porcine 
spleen ferritin were isolated according to the procedure de- 
scribed by Konijn et al. (23). 
Preparation and Operation of the Combined 
Sepharose 4B and Sepharose 6B Columns 
To separate the two ferritin fractions, we experimented with 
a number of gels and colmnn types. The best results were 
obtained using two columns, packed with Sepharose 4B 
(207 x 2 era) and Sepharose 6B (200 x 1.8 era) respec- 
tively. Column dimensions required the level of the column 
outlet tubing to be adjusted uring packing of the gel in 
order to prevent packing pressure xceeding 80 cm H,O. 
Samples were loaded on the Sepharose 6B column, eluted 
with a 0.05 M Tris-HCL buffer (pH 8.0) and fed directly 
into the Sepharose 4B column. Both columns were serially 
linked with small diameter tubing (0 0.7 ram) to prevent 
remixing of the already partially separated proteins. Pure 
ferritin fractions were collected and concentrated byultra- 
centrifugation i a Beckman L-70 equipped with 50.2 Ti 
rotor at 78,000 g for 1 h. 
Polyacrylamide Gel Electrophoresis 
Native (non-denaturating) polyacrylamide g l electropho- 
resis (PAGE) and sodium dodecyl sulfate (SDS)-PAGE 
were performed on a mini protean system 2 (Bio Rad, the 
Netherlands) according to manufacturer's instructions. 
Similar analyses were also performed with 4-15% and 8- 
25% gradient gels (Pharmacia/LKB) on a Phastsystem 
(Pharmacia/LKB). Gels were stained for protein with Coo- 
massie Blue R 250 according to manufacturer's in tructions. 
Iron staining was performed according to Chung (7) using 
Ferene S. Gels were analyzed and quantitated using an UI- 
troscan XL enhanced laser densitometer (LKB, the Nether- 
lands). 
Tricine-SDS Polyacrylamide Gel Electrophoresis 
Analyses of L and H subunit ratios in the porcine spleen 
ferritin fractions were performed on Tricine-PAGE (16.5% 
T and 3 % C) gels according to Schiigger & J agow (34). The 
16.5% Tricine SDS-PAGE (as compared to standard SDS- 
PAGE) resulted in a more distinct separation between both 
the 19 and 21 kDa subunits and allowed a better densito- 
metric analysis of the subunit ratio. 
Protein Iron and Phosphorus Determination 
Protein measurements were performed as described by Brad- 
ford (6), using different concentrations of BSA as a stan- 
dard. 
Ferritin iron was determined according to a method 
adapted from Harris (19) using Ferrozine (Sigma, U.S.A.). 
To a 100-/al sample an equal amount of 37% (w/v) HC1 
was added, mixed and left to stand for 15 rain. Next, 100 
/al L-ascorbic acid (0.14 M), 0.5 ml sodium acetate (satu- 
rated) and Ferrozine (10 raM) were added to this mixture. 
After 10 rain the absorbance at 562 nm was measured and 
compared to a range of standard Fe(III) solutions. 
Biochemical assessment of the amount of phosphorus in 
ferritin was performed according to Ames (2,5). 
Electron Microscopy 
For morphological studies, ferritin solutions were diluted to 
protein concentrations between 4 and 20 /lg/ml. Nylon 
grids (60 mesh) were covered with a pyoloform fihn with 
multiple holes and coated with carbon. Samples were 
brought on the grids by touching them on the surface of a 
drop of the ferritin solutions. Addition of a spreading agent 
was omitted as this did not have influence on the results. 
Excess fluid was drained off with filter paper and the speci- 
mens were air-dried. Electron micrographs were taken with 
a Transmission Electron Microscope (TEM) JEOL 2000 FX 
at 80 KV with the use of an anticontamination device at 
plate camera magnification of 20,000×. 
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Determination ofthe Iron to Phosphorus Ratio with 
Electron Probe Microanalysis (EPMA) 
For analytical purposes, grids were prepared the same way, 
EPMA was carried out (8) with a Transmission Electron 
Microscope (TEM) JEOL 2000 FX at 80 kV, with the use 
of an anticontamination device. The TEM was equipped 
with an X-ray detector with a high purity germanium crystal 
and ultrathin window. The detector was coupled to a Tracor 
Northern 5500 System. The specimen (ferritin) was ob- 
served in a single tilt holder with a graphite specimen re- 
tainer at a take-off angle of 35 °. Ferritin suspensions were 
placed directly on the grids and air-dried. Multiple analyses 
were performed uring 100 sec (irradiated area: 0.75//m 2) 
on that part of the ferritin suspension that covered the holes 
in the pyoloform film. Another set of analyses was per- 
formed under the same instrumental conditions on that part 
of the ferritin suspension that was covering the pyloform 
film. Horse spleen ferritin served as a calibration standard. 
Electron micrographs were made of each fraction at a mag- 
nification of 500,000×. 
Analyses of Carbohydrate and Amino Acid Composition 
Purified porcine spleen ferritin fractions were analyzed for 
the presence of glycans in a technique according to Van 
Noort & Van Eijk (39) on a LKB Alpha Plus 4151 (Cam- 
bridge, U.K.) equipped with a 60-cm column (¢ 2.4 ram) 
packed with Ultropac 11 resin (Pharmacia Biotech, 
Sweden). 
Analyses of N-acetylglucosamine and amino acids were 
performed using a method described by Van Eijk & Van 
Noort (36,38) on a Pharmacia Biochrom 20 (Pharmacia, 
Cambridge, UK) equipped with a 20 cm column (~4.6 mm) 
packed with Ultropac 8 resin (Pharmacia Biotech, Swe- 
den). Results of duplicate chromatographic runs varied less 
than 3% within one sample (37). 
Sialic Acid Quantification 
Following carbohydrate analysis, the amount of sialic acid 
in "crude" ferritin and both ferritin fractions was assessed 
according to a technique described by Horgan (22). This 
analysis is a modification ofthe method of Aminoff yielding 
a 20-fold increase in sensitivity (3). Hydrolysis was per- 
fonned in 50 mM sulfuric acid at 98°C for 105 rain. The 
thiobarbituric acid assay (applying 100-3000 ng sialic acid) 
was performed in n-butanol at 549 nm. Bi-bi-antennary hu- 
man transferrin with four sialic acid residues was used as 
standard. 
Alpha.2.Macroglobulin Assay 
Ouchterlony double immunodiffusion was accomplished 
in sodium barbiturate buffered 1% Agarose (ICN, The 
Netherlands) and stained with Amido Black. Rabbit anti- 
porcine-serum protein antibodies (obtained from Nordic, 
The Netherlands) were used because neither porcine alpha- 
2-macroglobulin nor its antibody are commercially avail- 
able. As alpha-2-macroglobulin is a serum protein, one 
would expect a reaction between alpha-2-macroglobulin 
and anti-serum protein antibodies. 
Preparation of Anti.FFL and .FFH Antibodies 
Anti-FFl and -FFH antibodies were prepared by injecting 
purified protein in male New Zealand White rabbits using 
Specol (Central Veterinary Institute, Lelystad, The Nether- 
lands) as adjuvant. 
Lipid Staining 
Ferritin fractions were stained with Oil Red O (BDH) and 
Sudan Black B (Merck) to check for differences in lipid 
composition between both ferritin fractions. 
Statistical Analysis 
Data sets were analyzed with a Bonferroni t-test following 
a "repeated-measures analysis of variance" to test differ- 
ences in amino acid and carbohydrate composition between 
the three ferritin fractions. 
RESULTS 
Porcine spleen ferritin isolated according to the two proce- 
dures described and henceforward eferred to as "crude" fer- 
ritin, always yielded two distinct bands when applied to a 
native 4-15% gradient gel (Fig. 1, lane 4) on the Phastsys- 
tern. A vague third band (Fig. 1, lane 3) with an estimated 
mass of around 880 kDa, appeared more clearly when the 
ferritin solution was left to stand for a number of weeks. 
The marker proteins (Fig. 1, lane 1 & 7) defined the largest 
band (--FFL) to be located around 440 kDa and a second 
major band (--FFH) around 670 kDa. The two dark spots 
at the top of lane 4 (Fig. 1) might be ferritin oligomers and/ 
or aggregates with a molecular weight over 1000 kDa, which 
were unable to penetrate the separating gel. Similar results 
were obtained with native gradient gels (8-25%) on a mini 
protean system (BioRad). Both major bands were also dis- 
tinctly present in commercially available horse spleen and 
human placental ferritin (courtesy Dr J. P. van Dijk). In 
each sample, both bands stained positively for protein and 
iron. Densitometric analyses howed that about 30% of 
fresh porcine spleen ferritin was located in the FFH band 
(Fig. 1, lane:4). 
Applying "crude" ferritin samples to the two serially 
linked Sepharose columns (see Materials and Methods) re- 
suited in a nearly complete separation of the FFL and FFH 
bands (see Fig. 1, lanes 5 and 6). Densitometric analysis of 
native gradient gels showed each band to be over 96% pure 
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FIG. 1. Native polyacrylamide gel, 4-15% gradient. Samples 
obtained after separation on two linked Sepharose 4B and 
6B columns. Lane 1: high molecular weight marker (in 
kDa). Lane 2: first iron.rich peak to appear during gel- 
filtration. Lane 3: peak appearing during gel-filtration prior 
to the FFH peak, consisting of ferritin aggregates and/or 
oligomers. Lane 4: "crude" ferritin fraction (no gel-filtra- 
tion). Lane 5: FFH (670 kDa ferritin fraction) after second 
chromatographic run. Lane 6: FFL (440 kDa ferritin frac- 
tion) after second chromatografic run, purity 89%. Lane 7: 
high molecular weight marker (in kDa). 
after three chromatographic runs. The chromatographic 
separation pattern is shown in Fig. 2. Low magnification 
electron micrographs of both FFL and FFH revealed a simi- 
lar heterogeneity in distribution pattern. An apparently 
random pattern of loose ferritin particles as well as small 
cluster of (up to 10) ferritin particles is fimnd m samples of 
both fractions (Fig 3). 
The L- and H-subunit composition of"crude" territin and 
both the purified FFL and FFH fractions were assessed using 
both SDS-PAGE and Tricine SDS-PAGE. Results of the 
16.5% Tricine SDS-PAGE are shown in Fig. 4. Densitomet- 
ric analysis confirmed apredominance of L-subunits in each 
of the samples and the L to H ratios in the three samples 
were not significantly different (i.e. _+60% L subunits). 
Table 1 summarizes iron to phosphorus ratios. Biochelni- 
tally obtained ata are compared to results determined by 
EPMA. As no difference was found between data acquired 
from ferritins applied to the support film or lying "stretched 
over the holes" m the film, the EPMA ratios given are the 
mean of combined ata sets. 
The means of six individual amino acid analyses of three 
batches of"crude" porcine spleen ferritin and both fractions 
are summarized in Table 2. Only the N-acetyl glucosamine 
content of the FFL and FFH fractions was significantly dif- 
ferent (p < 0.02) as shown by repeated-measures analysis 
of variance, followed by a Bonferroni t-test. 
Carbohydrate and sialic acid analyses of all fractions are 
shown in Table 3. Despite some variation in glucose con- 
tent between batches,- a consistent 5: 1 ratio in total carbo- 
hydrate content (a 10:1 ratio for sialic acid) was fi~und be- 
tween FFL and FFH respectively. 
Staining with Sudan Black B or Oil Red O yielded nega- 
tive results in both FFL and FFH fractions. Antibodies gen- 
erated against he FFL and FFH ferritins and tested in an 
Ouchterlony against both fractions how differences in pre- 
cipitation pattern (see Fig. 5). 
DISCUSSION 
To obtain a porcine spleen ferritin of high purity we used 
two modified standard procedures, which yielded in each 
case two distinct bands (FFL and FFH), appearing at 440 
and 670 kDa respectively in non-denaturating gradient gel 
electrophoresis (Figs. 1 and 2). Native gradient electropho- 
resis was repeated on another system with gels from another 
manufacturer, yielding identical results. Using the same pro- 
cedure, we obtained similar bands in horse spleen and hu- 
man placental ferritin. 
Previously, aband appearing above 440 kD had been con- 
sidered as a ferritin dimer (39). The FFH fraction might 
in fact be a dimer of 440 kDa ferritin, showing a different 
electrophoretic 1nobility due to loss of its spherical structure 
(15). We tried to facilitate dimer formation by leaving puri- 
fied FFL and FFH to stand fi)r a number of weeks at 4°C 
and then subjecting it again to non-denaturating gradient 
gel electrophoresis (4-15%). After this procedure, a new 
band appeared in the stacking part of the gel above the FFH 
band. According to manufacturer's information, the 4-15% 
gradient gel will exclude molecules above 1000 kDa and 
this band could therefore consist of ferritin oligomers and/ 
~)r aggregates. In the FFL lane on the other hand, no extra 
bands appeared. So the FFL showed no tendency at all to 
fi~rm oligomers or aggregates (25). 
(}el filtration chromatography was applied to separate 
both fractions (see Fig. 2). Based on the results in non- 
denaturating el electrophoresis, there appeared to be a 
50% difference in molecular weight between both fractions. 
However, considerable column dimensions (4 m) and re- 
peated chromatographic runs (up to five times) were neces- 
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FIG. 2. Graphic displays of chromatographic runs to separate FFL (L) and FFH (H). h Freshly isolated ferritin applied as 
described in Materials and Methods; first chromatographic run. 2: Partially purified FFH, third chromatographic run. 3: Par. 
tially purified FFL, third chromatographic run. Arrows indicate direction of registration. 
sary to accomplish separation with an acceptable degree of 
purity. It would therefore appear that the difference in mass 
between the FFL and FFH fractions was less than suggested 
by nondenaturating gradient gel electrophoresis. Unfortu- 
nately, K,,. values of Sepharose 4B and 6B gels are nearly 
equal for two fractions of this apparent size (15). An estima- 
tion of the difference in molecular mass between the two 
fractions, based on the difference in behaviour of FFL and 
FFH in the chromatographic run, is therefore not possible. 
Electron micrographs of FFL and FFH revealed no mor- 
phological differences (see Fig. 3). Both fractions, sampled 
and prepared as described by Williams and Harrison (39), 
do display a random distribution of ferritin particles as such, 
and in aggregates of two, three or more particles. This sug- 
gests that in both cases aggregates are formed after applica- 
tion of the FFL and FFH samples to the grid. We supposed 
that our FFH is not a di- or oligomeric ferritin (40) fraction 
as seen by Williams and coworkers (15,20). EM observa- 
tions confirm those as reported by Richter (25,30). These 
authors stated that ferritin particle aggregation could be 
attributed to the sample preparation technique (e.g. air- 
drying, dilution factor and so on). 
Molecular weight estimates of proteins based on the re- 
suits in non-denaturating gelelectrophoresis are unreliable, 
for electrophoretic mobility of a protein in this type of anal- 
ysis is not only affected by its mass, but also by its size, shape 
and number of side chains. Since SDS gel electrophoresis 
would cause the ferritin molecule to fall apart (15), we per- 
formed another series of experiments o further elucidate 
the nature of the difference in electrophoretic behaviour of 
the two ferritin fractions. 
I) We could exclude that the apparent difference in mass 
between both fractions was due to a difference in iron load. 
First, both bands stained for iron, which excluded the possi- 
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FIG. 3. Low power electron- 
micrograph of FFL (440 kDa 
fraction) and FFH (670 kDa 
fraction). Note the similarity 
in distribution pattern of the 
ferritin particles. Bar repre- 
sents 200 nm. 
bility that one fraction was in fact apoferritin. Second, the 
absence of a smear between both bands (Fig. 1, lane 4) sug- 
gested against a variation in iron content. Biochemical 
assays, quantitating the amount of iron per molecule ferritin 
in "crude" ferritin and the purified fractions (Table 1) con- 
firmed that the iron load of the FFL and FFH was not sig- 
nificantly different. Moreover, high power electron micro- 
graphs did not show any difference in iron core diameter 
between both fractions. 
The iron to phosphorus ratio was assessed biochemically 
and with electron probe micro analysis (Table 1) because 
biochemical determination of phosphorus is not very reli- 
able at low concentrations. The ratio showed no significant 
difference between FFL and FFH. However, compared to 
"crude" ferritin, there is either a loss of phosphorus or an 
increase in iron in both fractions (17). According to our 
data (Table 1), the amount of iron per molecule of ferritin 
is equal in all fractions. Therefore, we have to assume a 
loss of phosphorus in both fractions for which we have no 
explanation. 
1I) A difference in subunit composition between both 
fractions was ruled out, as samples of "crude" ferritin and 
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FIG. 4. Tricine-SDS polyacrylamide g l ( 16.5% T; 3% C). Samples were obtained after separation on a Sephadex G 200 column. 
Lane 1- 440 kDa fraction (FFL) after fourth chromatografic run. Lane 2:670 kDa fraction (FFH) after third chromatographic 
run. Lane 3: "crude" ferritin. Lane 4: low molecular weight marker (in kDa). 
TABLE 1. Fe/protein and Fe/P ratios in different ferritin 
fractions 
TABLE 2. Relative amino acid composition of different ferri- 
tin fractions 
mol Fe/mol Fe/P ratio Fe/P ratio Rel. % "Crude" FFH FFL 
Porcine spleen ferritin (biochem.) (EPMA) amino acids ferritin fraction fraction 
ferritins (n = 6) (n = 6) (n = 30) 
"crude" ferritin 1700 -+ 219 8.3 + 1.1# 17.5 _+ 4.9# 
FFH (670 kDa) 1675 -+ 244 23.5 _ 11.5 31.9 _+ 13.3 
FFL (440 kDa) 1638 +- 132 30.3 + 21.2 33.6 +_ 14.4 
Data were obtained from three individual isolation procedures in duplicate. 
A # indicates a significant difference (P < 0.05) from the other values in 
that column. 
purified FFL and FFH showed only minor differences in L 
and H subunit composition when applied to a SDS- or a 
Tricine SDS-PAGE (Fig. 4). 
III) Santambrogio and Massover (32,33) discovered on 
non-denaturating gels an additional band in rabbit liver fer- 
ritin, consisting of ferritin associated to alpha-2-macr- 
oglobulin. Although this finding would seem to fit the de- 
scription of our FFH, our experimental results indicated 
otherwise, as in both fractions (i) SDS-PAGE and Tricine 
SDS-PAGE showed only 19 and 21 kDa bands, (ii) Amino 
acid analyses (see below) revealed no significant differences, 
and (ii i) Ouchterlony double immunodiffusion against rab- 
bit anti-porcine-serum protein antibodies howed no pre- 
cipitation. 
Asp 11.6 12.6 12.8 
Thr 4.8 4.2 3.9 
Ser 9.3 7,0 6.6 
Glu 14.1 15.0 16.0 
Gly 8.4 8.3 7.5 
Ala 8.3 8.£3 7.5 
Val 4.5 4. l 3.8 
Met 2.2 2.0 2.2 
Ile 2.4 2. l 1.6 
Leu 11.0 11.6 12.8 
Trp # # # 
Tyr 3.2 3.2 3.3 
Phe 3.9 3.9 4.2 
GlcNH2* 0.6 1.0 0.4 
His 3.7 3.9 4.3 
Lys 5.4 5.7 5.7 
Arg 5.2 5.4 5.9 
.5 Cys # # # 
Total 98.6% 98.3% 98.5% 
Data were obtained in duplicate from three individual isolation procedures. 
Results were expressed asmeans of six data sets. * Indicates asignificant 
difference between the FFL (440 kDa) and FFH (670 kDa). 
# Indicates omission of analysis. 
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TABLE 3. Carbohydrate analyses of different ferritin frac- 
tions 
Carbohydrate residues "Crude" FFH FFL 
(mol/mol) ferritin fraction fraction 
Mann{}se 14 20 5 
Glucose 39 100 25 
Galactose 48 80 11 
Sialic acid 3 10 1 
% Carbohydrates/ferritin 
(w/w) 4.3% 8.9% 1.8% 
Carlx}hydrate and sialic acid residues are expressed in mol/mol protein. 
Data were obtained in duplicate from three individual isolation procedures. 
Results were significantly different within the three fractions (P < 0.01 ). 
IV) Antibodies generated against each of the purified fer- 
ritin fractions crossreacted with samples of both FFL and 
FFH in an Ouchterlony. However, the pattern of arcs devi- 
ating from the larger "ring" (Fig. 5) differs. It would there- 
fi~re appear that the two fractions are not completely iden- 
tical. 
V) Finally, averaged amino acid analyses of FFL and FFH 
showed no significant differences, with the exception of N- 
acetylglucosamine (Table 2). This carbohydrate residue is 
an essential element in the core structure of N-linked gly- 
cans (16). We therefore assumed a difference in ferritin gly- 
cosylation and subjected each fraction to carbohydrate anal- 
ysis. These analyses howed a circa 5 to 1 carbohydrate ratio 
(w/w) between FFH and FFL. The difference in sialic acid 
composition was even more pronounced (Table 3). In all 
analyses, the results of"crude" ferritin fitted inbetween (Ta- 
ble 3). 
This difference in carbohydrate content will not explain 
the apparent differences in mass (_+ 230 kDa) between both 
fractions, as shown in non-denaturating gel electrophoresis. 
However, carbohydrate chains will affect the size and shape 
of ferritin, as they occupy a larger w~lume than globular 
proteins of the same molecular size. Differences in carbohy- 
drate side chains will therefore be reflected in a difference 
in the electrophoretic and chromatographic behaviour {}f 
FFL and FFH. 
SUMMARY 
Porcine spleen ferritin isolated as described above shows 
two distinct bands in non-denaturating gradient gel electro- 
phoresis. The two fractions (FFL and FFH) acquired in this 
way are equal as judged by electron microscopy in morpho- 
logical appearance and, as assessed biochemically, in sub- 
unit composition, iron load and amino acid composition 
(except for N-acetylglucosamine). On the other hand, FFL 
and FFH differ in carbohydrate content and show incom- 
plete homology when crossreacted with antibodies gener- 
ated against both fractions. 
Little is known about the physiological/biological sig- 
nificance of sialylation of proteins. Speculation with respect 
FIG. 5. Polyclonal antibodies generated against the purified 
440 and 670 kDa ferritin fractions (anti.FFL and .FFH) were 
tested against FFL and FFH in an Ouchteriony double im- 
munodiffusion assay. A: anti-FFL; B: anti.FFH. 1: FFL (undi- 
luted); 2: FFH (undiluted). 3: FFL (diluted 1:2). 4: FFH (di- 
luted 1:2). 5: FFL (diluted 1:5); 6: FFH (diluted 1:5). 
to the biological flmction of the difference in carbohydrates 
m our two fractions are therefore not fruitful at this stage. 
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